IMPORTANCE Depression is frequently undiagnosed in patients with chronic rhinosinusitis (CRS) and affects quality of life, productivity, and health care use.
C hronic rhinosinusitis (CRS) is a complex disease with broad effects throughout the body. In addition to triggering symptoms in the sinuses and upper airway, patients with CRS have comorbid systemic ailments, including depression, cognitive dysfunction, anxiety, and sleep disorders. [1] [2] [3] We currently lack a thorough understanding of the association between CRS and systemic comorbidities and the effect of CRS-specific therapies on these comorbidities. Depression is a highly prevalent chronic disease, and 9% to 25% of patients with CRS report a physician diagnosis of comorbid depression. 4, 5 Although this reported rate is similar to the population without CRS, validated screening instruments typically detect twice as many patients with CRS with previously undiagnosed depression. 3, 4, 6 Comorbid depression in patients with CRS has been associated with worse baseline and posttreatment scores on sinus-specific quality-oflife (QOL) instruments. [4] [5] [6] [7] Therefore, identifying comorbid depression is important not only to improve patient counseling during the shared decision-making process regarding treatment selection but also to further elucidate how treatment of comorbid depression may influence sinus-specific outcomes for CRS. To our knowledge, detailed studies have not been performed examining depression-specific outcomes after medical treatment of CRS, but studies 8, 9 have been performed after endoscopic sinus surgery (ESS) using the 21-item Beck Depression Inventory-II (BDI). Overall, ESS improves BDI scores by roughly 30%, and 26% to 49% of patients achieve a minimal clinically important difference (MCID). 8, 9 A limited number of CRS-specific factors have been associated with improved depression outcomes after ESS. Patients with CRS with nasal polyps (CRSwNP) achieved an MCID on the BDI more often after ESS than patients with CRS without nasal polyps (CRSsNP) 9 Finally, nonsmokers have also been reported to have greater improvement in BDI scores after ESS. 8 The purpose of this study was to investigate the association of CRS-specific patient factors with comorbid depression identified using the 2-item Patient Health Questionnaire (PHQ2), which is a rapid 2-question screening instrument. We also examined the association between comorbid depression and medical or surgical treatment outcomes, including CRSspecific QOL, sleep quality, productivity, and medication use. The results of this study may help physicians identify patients with CRS at risk for having undiagnosed depression and provide information to improve patient counseling for expected treatment outcomes for their CRS.
Methods

Study Population
A multi-institutional, prospective study of patients with refractory CRS treated at tertiary academic rhinology centers was performed from March 1, 2011, to November 1, 2015. Data analysis was performed from October 1, 2015, to November 1, 2015. Adult (≥18 years old) patients with CRS were recruited from rhinology clinics at Medical University of South Carolina, Oregon Health & Sciences University, Stanford University, and University of Calgary as part of an ongoing prospective cohort study. This study was approved in advance by the institutional review boards at the Medical University of South Carolina, Oregon Health & Sciences University, Stanford University, and Calgary University, and all participants provided written informed consent.
Each patient fulfilled diagnostic criteria for CRS according to the clinical practice guidelines of the American Academy of Otolaryngology-Head and Neck Surgery. 10 Each study participant had undergone failed standard medical therapy with saline rinse, nasal corticosteroid spray, at least 3 weeks of broad-spectrum antibiotics, and 5 days of oral corticosteroids, then self-selected ESS or continued medical therapy for treatment of recalcitrant symptoms associated with CRS. With the use of standardized questionnaires, information on characteristics related to demographics and medical comorbidities was collected for each patient, including the presence of nasal polyposis, asthma, aspirin-exacerbated respiratory disease, allergic fungal rhinosinusitis, physician-diagnosed allergic rhinitis, physician-diagnosed depression, fibromyalgia, diabetes mellitus, tobacco use, oral corticosteroid dependency, and a history of previous sinus surgery. High-resolution computed tomography was performed on each patient during routine clinical care and before sinus surgery in all instances. Computed tomographic scans were evaluated by all enrolling physicians who were masked to patient-reported data, and the degree of sinus opacification was scored using the Lund-Mackay staging system, with the reviewer masked to other study data. Nasal endoscopy was performed on each patient, and those with visible polyps were classified as having CRSwNP and those without visible polyps as having CRSsNP. Nasal endoscopy examinations were scored using the Lund-Kennedy staging system. Olfactory function was quantified using the 12-item Brief Smell Identification Test (Sensonics Inc), which is a validated, forcedchoice, scratch-and-sniff test that uses microencapsulated odorant strips (score range, 0-12). Olfaction scores were collected preoperatively and again after ESS or continued medical therapy (minimum of 6 months). Several patient-reported outcome measures (PROMs) were assessed. Each patient completed 2 surveys of sinus-specific QOL, the 22-item Sinonasal Outcome Test (SNOT22) and its 5 subdomains (rhinologic, extranasal rhinologic, ear/facial, psychological, and sleep), and the Rhinosinusitis Disability Index (RSDI) and its 3 subdomains (emotional, functional, and physical). 11 Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), a self-reported questionnaire that measures sleep quality and disturbance in the preceding 1-month period. 12, 13 The PSQI has been used in a wide variety of clinical populations, including CRS, and has high internal consistency, reliability, and construct validity. 1 It has 7 com-of 5 or higher indicating poor sleep. The PSQI is particularly useful because global scores are more highly correlated with sleep problems than depression, allowing sleep disturbance to be identified apart from depression. Depression was assessed using the PHQ2. This instrument inquires about the frequency of depressed mood and anhedonia in the preceding 2 weeks, scoring each question from 0 to 3, for a maximum score of 6. A cutoff of 3 or higher has a sensitivity of 83% and specificity of 92% for major depression. 14 Medication use was measured as the number of days in the last 90 days that a specific medication was used. Missed productivity was number of days of work or school missed in the last 90 days. All patients had a minimum of 6 months of follow-up.
Statistical Analysis
Statistical analyses were performed using SAS statistical software, version 9.4 (SAS Institute Inc). Descriptive statistics for preoperative characteristics are reported as the mean (SD) number of responses for continuous measures. Categorical measures are reported as frequency (prevalence). Differences in baseline characteristics between patients categorized as having depression and not having depression by the PHQ2 were assessed using independent t tests and Pearson χ 2 tests for continuous and categorical measures, respectively. To assess the association between the effect of CRS treatments on depression outcomes, mixed-effects linear models were constructed. To assess the association among age, race, treatment modality, and polyp status with achieving MCID, logistic regression was performed. Significance was assessed with an α of .05, and no correction for multiple comparisons was performed.
Results
Baseline Characteristics
Overall, baseline data were available for 685 patients ( Other demographic factors, including age, race, sex, and smoking status, and comorbidities, such as asthma, chronic obstructive pulmonary disease, or fibromyalgia, were not associated with depression. The only CRS-specific demographic characteristic that was associated with baseline depression was revision surgery status (P < .001). Sinus-specific QOL, as measured by SNOT22 and RSDI and their subdomains, was worse in patients with depression (P ≤ .001 for all) ( Table 2) . With re- 
Treatment Outcomes
We next examined the effect of CRS treatments on depression outcomes. Of the 685 patients analyzed, 521 (76.1%) were treated with surgery, whereas 164 (23.9%) opted for continued medical management. Among patients with depression with PHQ2 scores of 3 or higher, the mean improvement in PHQ2 scores with either treatment was 1.91 (P < .001). After controlling for sex, age, polyp status, and baseline SNOT22 score, medical treatment improved the PHQ2 scores by 1.48 (P < .001), and surgery improved the PHQ2 scores by a mean of 2.03 (P < .001). No detectable difference in improvement by treatment modality was found (P = .14). Among patients categorized as having depression at baseline, 110 (65.9%) achieved a PHQ2 score lower than 3 at followup, placing them in the nondepression category. Sex, age, polyp status, and treatment modality were not associated with achieving nondepression status. The MCID of the PHQ2 is not well established, but a typical definition is half the baseline SD. In this case, MCID would be approximately 0.8. Using an even more conservative threshold of a 1-point improvement in the PHQ2 score as our definition of MCID, 120 patients (71.9%) with When examining changes in sinus-specific outcomes and other PROMs after medical or surgical therapy, change in the PHQ2 score was associated with improvement in the total SNOT22 score (P = .007) (Figure 1 ) and the PSQI score (P < .001). Because baseline depression was associated with increased medication use and missed productivity, we examined changes in these parameters with changes in the PHQ2 score. Associations were detected between changes in the PHQ2 score and fewer days of missed productivity (P = .004) ( Figure 2 ) and less oral antibiotic use (P = .004) (Figure 3) . No association was detected between changes in the PHQ2 score and changes in oral corticosteroid use (P = .92).
Discussion
Depression is associated with a variety of chronic medical illnesses, including coronary heart disease and diabetes. 15 The bidirectional association between comorbid depression and chronic illness makes causality unclear, but it is known that comorbid depression negatively affects treatment outcomes. After coronary artery bypass, patients with depression have increased mortality and subsequent hospitalization. 16 Given these reports, 15, 16 it is critical that we gain a better understanding of depression in CRS and its effect on treatment outcomes. Our overall prevalence of depression in patients with CRS was similar to prior reports, 4,5 with 94 (13.7%) of 685 having physician-diagnosed depression and 167 (24.4%) of 685 having depression when using validated screening instruments. Similar to other chronic illnesses, detection of this comorbid depression is critical because we found that patients with depression have nearly 4 times as many days of missed work and use oral corticosteroids and oral antibiotics nearly twice as much as patients without depression. We found few associations between depression and patient demographic or objective CRS severity metrics, such as computed tomography or endoscopy, that would enable physicians to better predict comorbid depression. A prior report 17 found that asthma, a common CRS-related comorbidity, was associated with depression. We examined asthma, fibromyalgia, chronic obstructive pulmonary disease, and aspirin-exacerbated respiratory disease as common CRS-related comorbidities and were unable to find an association with being classified as having de- After medical or surgical therapy for chronic rhinosinusitis, improvements in the PHQ2 scores were associated with improvements in days of oral antibiotic use (P = .004). Decreasing PHQ2 scores and days of antibiotic use indicate clinical improvement. 2 We found that medical and surgical therapies for CRS improve depression-specific PHQ2 scores by roughly 50% among patients with depression. With regard to ESS and depression outcomes, others have reported approximately 30% improvement using the BDI. It is not clear whether relative changes can be compared between instruments (ie, 50% improvement in the PHQ2 score does not necessarily mean greater success than 30% improvement in the BDI score). In addition, the mean baseline BDI score in these studies was between 9.5 and 12.4. 8, 9 Patients with depression generally have a BDI score of 14 or higher; thus, the actual prevalence of depression in these studies is not known.
18, 19 The magnitude of depression-specific QOL may be lower in other studies if most patients they included did not have depression before ESS and did not have significant room for improvement (ie, a floor effect). We also found that 120 patients (71.9%) in our study improved by 1 point or greater on the PHQ2, with 110 (65.9%) being categorized as not having depression after medical or surgical treatment. This finding compares favorably to other reported success rates of 26% to 49% for achieving MCID. 8, 9 Again, our success rate may be higher because we limited our analysis to patients who were categorized as having depression before treatment. We believe that patients who have baseline depression are the group of interest and represent the cohort with an opportunity for improvement.
To date, few studies have examined depression-specific outcomes after medical therapy for CRS. One study 20 that examined the psychological subdomain of SNOT22 reported a 20% improvement with medical therapy and a significantly greater improvement of 43% for surgical therapy, although this is not a depression-specific outcome. At this point, it is unclear whether sinus surgery followed by medical therapy is more beneficial than continuing with medical therapy alone for CRS at improving depression-associated outcomes. Future studies using more detailed depression-specific instruments and standardized medical therapy are warranted. Lack of nasal polyps was the only baseline factor associated with increased odds of achieving MCID in our study. This finding is in contrast to other studies 8, 9 reporting better depression outcomes in patients with CRSwNP, anosmia, or hyposmia. Unfortunately, we did not have detailed baseline olfactory studies for our patients, so the association between depression outcomes after surgery and objective olfaction is not clear. It is possible that the differences between our study and others based on polyp status may be owing to heterogeneous patient populations or different depression instruments and represent an interesting area for further study. We found that improvement in the PHQ2 scores after medical or surgical therapy was associated with improvement in a number of PROMs. Not surprisingly, total SNOT22 and PSQI score changes were associated with PROM improvement. Improvements in the PHQ2 scores were also associated with improvements in missed work and oral antibiotic use. It is unclear whether independent treatment of comorbid depression in conjunction with continued medical therapy or surgery would result in even greater improvement, and the economic effect of improving CRS-associated depression with subsequent improvements in productivity and medication use remains to be determined.
Our study had a number of limitations. Although the PHQ2 instrument allows for rapid screening, its abbreviated nature lacks information on depression subscales provided with other more detailed instruments, such as the BDI, which includes somatic and cognitive subscales. 21 Others have reported using thresholds of 1 or 2 to diagnose depression with the PHQ2. 22 Lower thresholds obviously result in greater sensitivity for detecting depression but increase the potential to mistakenly classify a patient as having depression. To balance these findings, we opted for the commonly used cutoff of 3. 14, 23 In addition, the PHQ2 scores range from 0 to 6 only, so the ability of the PHQ2 to discriminate among varying severity of depression or changes with CRS treatments may be limited. We also lack detailed information regarding how preexisting depression was diagnosed and how many patients were taking antidepressant medications. Many antidepressants are contraindicated with alcohol, which may have contributed to our finding of less alcohol intake in the group with depression at baseline. Finally, patients in our study self-selected medical or surgical therapy for CRS, and a randomized prospective trial would be ideal.
Conclusions
Depression is commonly underdiagnosed in patients with CRS and has a significant effect on productivity and medication use. Few objective metrics are available to assist physicians in identifying at-risk patients, but revision surgery status may play a role and should alert physicians to possible depression. Medical and surgical therapies for CRS improve comorbid depression, productivity, and medication use. 
